Pit latrines are the most frequently used sanitation systems in developing countries because of weak infrastructure and poor economic wealth. A modified ventilated improved pit latrine, with a biological filter beneath is proposed to stabilize and to remove the bulk of the nitrogen from the liquid phase. Although the hydraulic loading rate in the proposed biological filter system was calculated to be ca 36 L/m 2 /d, significantly lower than the rates that are typical applied in standard rate biological filters (in the range of 1000 -4000 L/m 2 /d) used to treat domestic wastewater; the total Kjeldahl nitrogen and chemical oxygen demand concentrations are significantly higher in faecal sludge, namely 3 -5 g /L and 20 -50 g /L, respectively compared to ca 60 mg/L and 500 mg/L in standard rate biological filters. The biological filter was operated at nitrogen loading rates of 72, 145, 290 and 435 g/m 2 /d, respectively, until stable state conditions were obtained. The biological filter showed effective nitrogen removal between 72 and 434 g/m 2 /d and the best total nitrogen removal was obtained at 145 g/m 2 /d, namely 92 %. These results suggest that it should be possible to remove nitrogen effectively using a biological filter beneath a modified ventilated improved pit latrine.
INTRODUCTION
Globally, 2.6 billion people do not have access to adequate sanitation (WHO, 2009 ). In Africa, 234 million people have no access to any sanitation systems (WHO and UNICEF, 2008) . Because of weak infrastructure and poor economic wealth, pit latrines are the most frequently used sanitation systems (Pickford, 1995) . Depending on the soil type, specifically the permeability, leachate from a pit latrine could contaminate the groundwater and whereas microbial contaminants will decrease over time, chemical contaminants could persist (DWAF, 2003; Nwuche and Oguji, 2010) . This is especially true for the high concentrations of nitrogen and organic matter contained in the faecal sludge (3-5 g N/L and 20-50 g COD/L, respectively) (Montangero and Strauss, 2002; Lu and Huang, 2010; Cheng et al., 2011) . The composition of the biodegradable nitrogen and organic compounds in the leachate will change as it moves through the soil due to natural biological processes that occur (Babel et al., 2009) . Although COD is reduced, research has shown elevated concentrations of nitrogen species specifically nitrate in groundwater surrounding pit latrines (Tredoux et al., 2000; Zingoni et al., 2005; Dzwairo et al., 2006; Okafor and Opuene, 2007; Chenini and Khemiri, 2009 ). Nitrate poses a serious health risk to the users of the water source (Nouri et al., 2008; Suthar et al., 2009) , especially young babies who are bottle fed as it causes the condition methaemoglobinaemia (Terblance, 1991; Tredoux et al., 2000) . Some researches also indicate a possible link between even low nitrate concentrations and gastric cancer (WHO, 1992) .
The nitrogen content of faecal matter (urine and faeces) is very high. The biggest contributor to the total nitrogen excreted is the urine fraction, contributing 93 % to the total nitrogen concentration (Geigy, 1962) . In this fraction 84 % consists of urea-nitrogen, which is readily converted to ammonia (Geigy, 1962) . The faecal fraction contributes to undigested nitrogen fractions (in smaller amounts) (WHO, 2006) . The amount of nitrogen that humans excrete daily depends on the amount of proteins consumed and it varies in different countries from as low as 2.1 kg nitrogen per year in Haiti, 3.4 kg nitrogen per year in South Africa up to 4.0 kg nitrogen per year in China (WHO, 2006) due to the differences in eating habits. The concentration of the nitrogen in the urine depends on the climatic conditions, the amount of liquid consumed and the level of personal activity. The amount of liquid excreted by humans daily varies between 0.8 -1.6 L (WHO, 2006) . According to WHO (2006) a good estimate of the concentration of nitrogen in the urine at excretion, will be in the range of 3 -7 g N/L. Assuming a liquid excretion rate of 1.5 L per person and an average nitrogen concentration of 5 g N/L, the nitrogen loading rate on a pit latrine will be 180 g N/m 2 /d (assuming that 6 persons use the pit latrine daily and that the useful surface area in the pit will be 0.25 m 2 ). Currently no treatment of pit latrine content is done on-site in rural and remote areas and when the pit is full, it is closed and a new pit is installed (Koné and Strauss, 2004) . These pits, from start of use, constantly release high nitrogen leachate into the soil (depending on the soil conditions). A simple yet effective treatment process for ammonia removal is the use of standard rate biological filters, packed with rock media. However, when comparing the daily loading rates of a standard rate biological filter and a pit latrine, there are marked differences. The typical organic loading rate on a standard rate biological filter that treats domestic waste water is in the range of 0.07 to 0.22 kg BOD/m 3 /d and the nitrogen loading rate is in the range of 0.2 to 1.0 g N/m 2 /d (MetCalf and Eddy, 2003) . The nitrogen loading rate on a standard rate biological filter is therefore considerably lower (between 180 to 900 times lower) than the 180 g N/m 2 /d loading rate experienced in a pit latrine. Similarly, organic loading rates are higher than what is required to achieve nitrification as nitrifying bacteria are autotrophic and have to compete with heterotrophic bacteria for space in the filter, so they usually only become well established when the concentration of the organic matter starts to decrease in the filter (Grady and Lim, 1980) . According to MetCalf and Eddy (2003) very low organic loading rates, between 0.05 to 0.10 kg BOD 5 /m 3 /d, are required to achieve between 85-95 % nitrification, while the organic loading rate in a pit latrine will be about 0.3 kg BOD 5 / m 3 /d. However, the hydraulic loading rate, ca 36 L/m 2 / d, is much lower than a typical standard rate biological filter that treats domestic wastewater, receiving 1000 -4000 L/m 2 /d (MetCalf and Eddy, 2003) . These lower hydraulic loading rates lead to slower trickling through the filter and consequently longer retention times that should be favourable in the treatment process. Evidence of the application of biological filters to treat VIP effluent on-site could not be found and therefore a new modified VIP system is proposed, where the faecal sludge in the pit will be allowed to leach into a biological filter (Fig. 1) . The filter will be packed with stones. The vent pipe will be fitted with an extraction fan to induce a draft through the filter. Thus, all the liquid that seeps from the top part of the pit will be treated in the biological filter. The nitrogen will be removed by a combination of nitrification and denitrification processes.
The purpose of this investigation was to evaluate the effect of different nitrogen loading rates on a laboratory scale, biological filter (with dimensions proportional to that of the proposed system) loaded with nitrogen, at the same application rates as would be applied to the proposed process. The research for this project was conducted at Tshwane University of Technology during the period 2006 to 2009.
MATERIALS AND METHODS

Biological filter set-up
The biological filter consisted of a PVC column, 150 mm in diameter and 1500 mm in length. The filter was packed with stones, 10-20 mm in diameter. The synthetic waste medium was fed intermittently to the biological 
